ABSTRACT BACKGROUND: Sleep disturbance is a risk factor for somatic, psycho-social and spiritual dysfunction. It is also arguably the most deleterious effect of traffi c noise pollution. Quantifi cation of its burden is an anchor element of environmental policy making but no data are currently available for Bulgaria where the preponderance of dangerous nighttime noise exposure is highest in Europe. AIM: The aim of this study was to quantify the socio-economic burden of severe sleep disturbance due to traffi c noise (road, aircraft and railway) in Bulgaria. MATERIAL AND METHODS: The offi cial World Health Organization methodology used in Europe was applied in order to estimate this annual loss expressed as disability-adjusted life-years (DALYs) and their corresponding monetary value (assuming € 12 000 per DALY). RESULTS: Results showed that severe sleep disturbance due to all traffi c sources was associated conservatively with 15 468 DALYs (8 839 -22 097) and € 185 615 861 (€ 106 066 206 -€ 265 165 516) lost in 2012, with road traffi c being the single most important noise source. CONCLUSION: In conclusion, severe sleep disturbance due to traffi c noise bears a heavy environmental and socio-economic burden in Bulgaria which prompts vigorous political action and greater involvement in environmental research. In order to increase the accuracy of future burden of disease analyses other studies would need to establish exposure-response functions based on population-based socio-acoustic surveys in the country. 
inhabitants). According to the Noise Observation and Information Service for Europe (NOISE) (http://noise.eionet.europa.eu/), nearly 70% of the citizens of these aggregations are exposed to road traffi c L night ≥ 55 dB, a threshold above which the WHO considers " [t] he situation […] increasingly dangerous for public health" 3 . While other public health risk factors such as the low quality of life 8 , dysfunctional healthcare system 9 and high prevalence of metabolic syndrome 10 in the country are well-understood and routinely evaluated, the actual contribution of noise pollution to the cumulative burden of disease (BoD) is unknown. Recently, an annual loss of 968 quality-adjusted life-years and € 11.6 million was estimated in the country as a result of road traffi c noise-attributed myocardial infarction. 11 
AIM
In this paper, we aimed to quantify the socioeconomic burden of severe sleep disturbance due to traffi c noise in Bulgaria.
MATERIAL AND METHODS
This study adopts the offi cial WHO methodology for estimating BoD from environmental noise. 5 As such, it uses offi cial data and was not subject to ethical evaluation by the University Committee.
The sleep disturbance indicator of interest was "high sleep disturbance" (HSD) and the noise exposure indicator -night equivalent sound level (L night ). The burden of HSD was expressed in DALYs lost to traffi c noise (road, aircraft and railway). DALYs express "years of life lost to premature death and years lived with a disability of specifi ed severity and duration" where "[o]ne DALY is […] one lost year of healthy life". 12 DALYs associated with severe sleep disturbance were calculated according to the formula:
INTRODUCTION
In the Modern World, which daily puts our nervous systems under stress, we fall victims of sensory overload, constantly coping with thinking, remembering, and planning. 1 Sleep is one of the few havens that can sooth our overworked minds and bodies. It is essential for maintaining normal homeostasis, somatic and mental health; it can also be essential for spiritual growth, inner peace and harmony. 2 Any disturbance of sleep structure, patterns or quality can result in cardio-metabolic impairment, alteration in neuro-hormone secretion and psycho-social dysfunction. 3 In addition to social stress interfering with sleep 4 , we face a plethora of environmental stressors pertinent to the modern lifestyle. Transportation noise is arguably one of the most daunting and pervasive of those stressors. 5 In fact, sleep disturbance is considered the most deleterious non-auditory effect of noise pollution because it is associated with a wide array of non-communicable diseases. 6 In 2011 the WHO published its "Burden of Disease from Environmental Noise" report according to which at least 903 000 disability-adjusted life-years (DALYs) are lost annually to sleep disturbance due to environmental noise in Europe. 5 Such quantitative evidence is essential for environmental health policy, preparation of national and international noise control agendas and adequate resource allocation. In Bulgaria, however, we lack substantive evidence of the socio-economic burden of traffi c noise. It is true that at the time "Burden of Disease from Environmental Noise" was published data from South-East Europe were limited, but they are now readily available. Thus the issue needs to be addressed promptly given the major community nuisance that noise pollution has become for Bulgarians 7 and its egregious preponderance in major agglomerations (> 100 000 
DALYs lost = number of people highly sleep disturbed * disability weight (DW) * duration of exposure
The number of people exposed to different L night noise bands in Bulgaria for 2012 (the most recent year that we had available data for) was extracted from NOISE. Although road traffi c is the major source of environmental noise in Bulgarian agglomerations, aircraft and railway noise data were also used. Our analyses were restricted to the exposure range 55 dB to ≥ 75 dB, where the upper limit of the highest category was set at 80 dB. 2 %HSD above 70 dB was assumed to be constant (i.e., equal to the %HSD in the 65 -69 dB category). Duration of exposure was set at one year and, since sleep disturbance does not directly result in premature death, years of life lost were set to zero. 5 A disability weight (DW) of 0.07 was chosen with an uncertainty range 0.04 -0.10. 5 DW represents a value preference that scales a condition/state from 0 (full health) to 1 (death). 12 Finally, we monetized the value of these DALYs by conservatively setting the value of one DALY at the gross domestic product (GDP) per capita in Bulgaria for 2012, according to the method proposed by Brown. 14 This value was 12 000 Purchasing Power Standards (PPS) 15 , ("fi ctive 'currency' units that remove differences in purchasing power" 16 and roughly equal to one euro in the EU-28). All formulae were entered in Microsoft Excel v. 2010 spreadsheet.
RESULTS
BoD was fi rst quantifi ed for each of the three traffi c noise sources (road, aircraft and railway) expressed as DALYs and corresponding monetary value, and then summed to give a conservative estimate of the total socio-economic cost of severe sleep disturbance in Bulgarian urban population. Table 1 presents results on road traffi c noise which is the dominant cause of traffi c noise-attributed sleep disturbance in the country. People exposed to L night ≥ 55 dB constituted about 68% of the studied urban population. Eight percent of those people were highly sleep-disturbed. Even in the most conservative scenario (DW = 0.04), the latter were associated with If we compare the estimated burden of severe sleep disturbance to that of myocardial infarction 11 , we fathom the real threat that traffi c noise pollution has become in the country. These fi gures are quite alarming and mostly due to the high proportion of people exposed to extreme nighttime road traffi c noise in major agglomerations. In fact, according to NOISE, Bulgaria has the highest proportion (68%) of people exposed to L night ≥ 55 dB in Europe. For comparison, in Germany this it is about 15% and in neighboring Romania, just below 40%, with an average of around 25% in Europe. This study fi lls a gap in the literature from South-East Europe. A recent review of environmental noise-attributed sleep disturbance in South-East Europe did not identify any research from Bulgaria, but rather from neighboring countries like Macedonia and Serbia. 17 Those studies, however, could not report population-based results on burden of sleep disturbance, since they lacked national level exposure data. Paunovic and Belojević, for example, recently looked at DALYs associated with myocardial infarction attributable to road-traffi c noise, noise, but their inferences were limited to Belgrade, due to the small-scale empirical study they conducted. 18 Our results give population estimates and further extend the offi cial WHO methodology by assigning a monetary value to DALYs lost.
However, several limitations of this study should be discussed. First, the WHO methodology is imprecise and gives only a rough estimate of the BoD. 5 Its inherent uncertainties refer to the extrapolation of exposure-response functions to different populations, validity of self-reported sleep disturbance, accuracy of noise mapping across countries, selection of appropriate DWs, etc. There have been both conceptual and ethical critiques of DALYs, DWs and, generally, putting a quantitative estimate to people's life. [19] [20] [21] Other issues arise from setting the value of one quality-adjusted life year at € 12 000, quality of noise mapping in Bulgaria and the applicability of Miedema et al.'s polynomials 13 in Bulgaria. Nevertheless, the assumptions made were conservative, including the monetary valuation of DALYs, adopting recommended exposure-response functions, holding %HSD constant above 70 dB, and disregarding people exposed to < 55 dB due to insuffi cient data, all of which yielded lower estimates than those that would have been derived from a fi eld survey, and therefore rendered our calculations compliant with the conservative principle. Despite the outlined above methodological limitations, the policy on environmental hazards should be based on the precautionary principle stating that "in cases of serious or irreversible threats to the health of humans or ecosystems, acknowledged scientifi c uncertainty should not be used as a reason to postpone preventive measures". 22 
CONCLUSIONS
Severe sleep disturbance due to traffi c noise bears a heavy environmental and socio-economic burden in Bulgaria, being associated with an annual loss of approximately 15 468 DALYs and € 186 million. For a country with limited resources for healthcare, these costs are unacceptable and should prompt vigorous political action and greater involvement in environmental health research. In order to increase the accuracy of future BoD analyses other studies would need to establish exposure-response functions based on population-based socio-acoustic surveys in the country.
